Purpose This longitudinal study investigated long-term effects of a multidisciplinary rehabilitation program consisting of resistance and sensorimotor training, patient education, and stress management over 6 months in patients with chronic low back pain. Methods Ninety-six patients with chronic recurrent low back pain performed a multidisciplinary rehabilitation program. We assessed pain-free lumbar spine range of motion (ROM), strength of the lumbar extensor muscles, and pain by visual analog scale (VAS). Furthermore, the Roland-Morris (RM) questionnaire and SF-36 were used. The examinations were performed before and after rehabilitation, and a long-term follow-up was performed after 18 months. Results All outcome measurements (ROM, VAS, RM, muscle strength, and SF-36 scores) improved significantly from baseline to the post-rehabilitation evaluation. These improvements were found to persist until a follow-up evaluation 18 months after cessation of the intervention.
Introduction
Musculoskeletal pain syndromes are a common health problem. In Austria, the number of sick leave days caused by musculoskeletal disorders accumulated to a total of 8, 196 ,907 days (8, 387 ,742 habitants in 2007) [1] . Among these musculoskeletal disorders, low back pain has a high incidence and prevalence [2] . 60-80 % of adults experience episodes of low back pain, which typically occur between 35 and 55 years of age [3] .
The risk of chronic low back pain appears to be associated with a number of modifiable factors, including decreased strength of lumbar extensors and dysfunction of the trunk muscles [4] [5] [6] [7] . A reduction in quality of life is a known consequence [8] .
In former studies, resistance training (RT) has been shown to improve muscle strength and reduce pain in patients with chronic low back pain [9] [10] [11] [12] . Most of these studies performed RT over 8-16 weeks and lacked followup evaluations after the end of the training period [9, 11, 13, 14] . Long-term benefits were only found by Helmhout et al. [15] and Harts et al. [12] who performed isolated lumbar extensor muscle RT over a period of 3 months and 8 weeks, respectively, and evaluated the outcomes 9 months after randomization and 16 weeks after treatment.
Most interventional studies published to date examined the efficacy of single intervention strategies, thus failing to account for the multifactorial aetiology of the syndrome. As opposed to these therapeutic approaches, the European Guidelines for the management of chronic nonspecific low back pain recommend the inclusion of cognitive behavioral therapy and educational interventions and also suggest brief educational interventions [16] .
Furthermore, the validity of the results of previous surveys was either hampered by relatively small sample sizes (n 27-65 [9, [11] [12] [13] ), short study periods [9, 11, 13, 14] , restricted inclusion criteria like only males [13] or females [14] or missing evaluation of quality of life [14] .
Therefore, the aim of our longitudinal study was to evaluate the long-term effects of a 6-month multidisciplinary outpatient rehabilitation program including resistance and sensorimotor training, patient education, and stress management on muscle strength, pain, mobility, disability and quality of life in patients with chronic low back pain.
Methods
Inclusion criteria comprised male and female adults with chronic recurrent low back pain, employed or unemployed, who participated in an inpatient rehabilitation program and were willing to carry on with an outpatient rehabilitation program. Patients were allocated by the Austrian social insurance system and recruited in consecutive order. Patients suffering from systemic rheumatologic disease, ankylosing spondylitis, neurologic deficits, malignant disease, infections, serious cardiovascular disease or severe musculoskeletal impairment (inability to participate in the training) and those recovering from fusion or artificial disc operations in the lumbar spine were excluded from participation in the study. In addition, patients already retired at the beginning of the intervention as well as pregnant women were not considered. The study protocol was approved by the Ethical Review Board of the City of Vienna.
Assessment
All assessments were performed before and at the end of the rehabilitation period as well as after 18 months following the cessation of the intervention.
Patients were examined with a computerized MedX Lumbar extension machine Ò (Ocala, Florida) [17] . Before testing, patients were familiarized with the machine and protocol. The pelvis was stabilized during trunk extension to isolate the extensor muscles [18] . First, the pain-free range of motion of the lumbar spine in the sagittal plane was evaluated. After a standardized warm-up, the maximum voluntary isometric muscle strength of the lumbar extensor muscles (Nm/kg) was obtained at 12°, 24°, 36°, 48°, 60°, and 72°of lumbar flexion, but measurements were restricted to the described pain-free range of motion. This procedure has been shown to yield reliable results in both healthy individuals and patients with chronic low back pain [19] .
Pain in the lumbar spine was assessed by the use of the visual analog scale (VAS). The VAS consists of a 100-mm long line, with the extreme ends labeled as 'no pain' and 'worst pain imaginable', respectively. Patients were asked to indicate as to which point along the line best represented their current pain intensity.
For evaluation of the functional status, the RolandMorris questionnaire (RM) was used. A study previously performed by our group demonstrated the reliability and validity of the RM for the assessment of the functional status in German-speaking patients with low back pain [20] .
Health-related quality of life (QoL) was assessed with the use of a generic instrument, the SF-36 health survey [21] . The score ranges from 0 to 100 with 100 indicating the best function. For the present study, a German version of the questionnaire and reference values for both healthy individuals and patients with back pain were used [21, 22] .
Multidisciplinary rehabilitation program
The rehabilitation program was performed over a period of 6 months and comprised 40 training sessions (focus on whole-body RT), six sessions of psychological interventions and two sessions for information related to ergonomics and healthy alimentation. Each session lasted 90 min. All patients received the same program as well as the same number of sessions. Based on the results of the MedX Lumbar extension machine Ò a supervised and progressive RT program was composed. The exercises included dynamic exercises for all major muscle groups. The lumbar extensor muscles were trained with the MedX Lumbar extension machine Ò [23] and the other major muscle groups (arms, shoulders, chest, abdomen, hips, and legs) with MedX resistance machines Ò (Ocala, Florida) [24] . This kind of training has been shown to be effective in improving strength and reducing symptoms of low back pain [25] . The importance of pelvic stabilization during lumbar extension exercise for improvements in strength and reducing pain and associated disability was recently reported by Smith et al. [25] and considered in our training sessions. The training intensity was chosen such that patients could perform a maximum of 10-15 repetitions, with each contraction lasting 4 ? 4 s (concentric and eccentric phase). The progression of the training was conducted according to the recommendations of the American College of Sports Medicine [26] . The training frequency was two sessions/week in the first 3 months and then reduced to a single training session/week in the latter phase of the intervention. All sessions included 5 min of sensorimotor training on unstable devices and supervised by experienced personnel. Additionally, one session was used to inform patients about the structure of the spine and possible pathologies, with the aim to reduce fear avoidance behavior. Furthermore, sessions concerning ergonomics and healthy alimentation as well six sessions of psychological interventions in groups with autogenic training and progressive muscle relaxation were offered.
Statistical analyses
All variables assessed violated the assumption of normality (Kolmogorov-Smirnov test, p \ 0.05). Therefore, Friedman tests and post hoc Bonferroni-adjusted Wilcoxon tests were used to detect longitudinal changes. In the absence of a non-parametric alternative to factorial repeated-measures ANOVAs, torque values were log-transformed to approximate normal distribution. Two-way repeated-measures ANOVAs were then used to assess the influence of the main factors 'joint position' and 'testing day' on the outcomes of torque measurements. Mauchly's test indicated that the assumption of sphericity had been violated for the main effect of 'joint angle' (e = 0.19), so degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity. Bonferroni-adjusted paired-samples t tests and contrasts were performed to follow up significant ANOVA results. Partial g2 (ANOVA) and Pearson's r (pairwise comparisons) were calculated as estimates of effect size.
Results
One hundred patients were included in the study per protocol. Four patients dropped out due to lack of the time required to participate in such an intensive rehabilitation program. The presented sample of 96 patients (66 female, 30 male) included all patients who finished the rehabilitation and performed the follow-up evaluation after further 18 months. Age, height, and body mass were 48.6 ± 6.7 years, 165.4 ± 5.7 cm, and 84.8 ± 13.7 kg in females; and 52.3 ± 6.5 years, 178.8 ± 7.5 cm, and 69.3 ± 13.6 kg on average in males. 60.4 % of all patients worked fulltime, 20.8 % part-time and 13.5 % were currently unemployed, with the remaining 5.4 % being retired (retirement during the study period) or housewives. The chronicity of low back pain, defined as the time since the first occurrence of a low back pain event, was 1 year in 4.2 %, 1-5 years in 18.8 %, 5-10 years in 72.9 %, and more than 10 years in the remaining 4.1 % of patients.
ROM (Table 1) The pain-free range of motion changed significantly over the study period PR Baseline, PO after rehabilitation, FU follow-up evaluation after one-and-a-half years, ROM range of motion, Q25 and Q75 lower (25 %) and upper (75 %) quartile (Table 3) Similarly, the scores from the Roland-Morris questionnaire [v 2 (2) = 117.70, p \ 0.001] decreased significantly from pre-to post-intervention (RM PR [ RM PO : T = 0, p \ 0.001; r = -0.59), to increase partially until follow-up measurements were performed (RM PO \ RM FU : T = 546.5, p \ 0.001; r = 0.26). However, RM scores remained significantly below pre-intervention levels (RM PR [ RM FU : T = 176.5, p \ 0.001; r = -0.51).
Isometric muscle strength (Table 4) The main factor 'position' strongly and significantly affected the measures of isometric muscle strength [F(1.12,16.76) = 48.56, p \ 0.001; g 2 = 0.76]. Post hoc pairwise comparisons showed that isometric muscle strength values gradually increased from the 0°to the 72°j oint position:
Similarly, the main effect of 'testing day' was found to be strong and significant [F(2, 30) = 37. 13 SF-36 (Table 5) After the intervention, outcomes in all items increased statistically significantly as compared to the pre-intervention measurement, with the most prominent improvements observed for PFI (r = -0.50) and the smallest changes seen for ROLEM (r = -0.17). The values of PFI, PAIN, and VITAL decreased significantly from the post-intervention to the follow-up measurement, although by a small amount (0.18 \ r \ 0.23). Comparisons between baseline and follow-up measurements revealed that all item values except ROLEM and SOCIAL remained significantly above baseline levels until the end of the study period, with the latter showing higher values at follow-up by trend (p = 0.09).
Discussion
This is the first study to investigate a long-term follow-up evaluation after 1.5 years of an intensive, multidisciplinary rehabilitation program consisting of resistance and sensorimotor training combined with educational intervention and stress management in patients with chronic low back pain. The training, which was performed over a period of 6 months, induced improvements in muscle strength, pain, function, and QoL over a study period of 2 years. All outcome measurements like ROM, VAS, RM, muscle strength, and QoL improved statistically significantly from baseline to the post-training evaluation. These improvements were still seen at the long-term follow-up evaluation, performed 1.5 years after cessation of the intervention. The PR Baseline, PO after rehabilitation, FU follow-up evaluation after one-and-a-half years degree of improvement, as reflected by effect sizes, was strong or very strong for VAS, RM, and strength, respectively. Our data confirm and amplify the results of former studies, which evaluated the effects of RT in the short-term (observation period of 16 weeks) [9, 13] . Including only male patients, Jackson et al. [13] assigned 54 subjects suffering from low back pain to 10 weeks of isolated lumbar extensor muscle resistance training. The training was conducted two times a week in the first 4 weeks and once a week for the remaining 6 weeks and resulted in significant improvements in muscle strength, pain, functional ability and QoL of patients. Similarly, patients undergoing a 10-week exercise program demonstrated a significant increase in muscle strength and reduction of pain, as compared to non-training controls [11] . Holmes and colleagues applied a progressive training program for the lumbar extensor muscles, lasting between 13 and 14 weeks, performed two times per week in the first 4 weeks and once a week in the latter phase of the intervention, and reported significant increases in muscle strength and reduction in pain after treatment [14] . In this study only female patients were included. In the abovementioned studies outcome parameters were evaluated before and after the training only. Among the few studies to include follow-up evaluations, Harts et al. [12] (16 weeks after lumbar extensor training) and Helmhout et al. [15] (9 months after randomization) reported improvements in muscle strength, functional disability, and QoL. As opposed to our study, Helmhout and colleagues included only male subjects in their 12 week resistance training program, and the training was restricted to exercises strengthening the lumbar extensor muscles in most of the respective studies published to date [15] . Our resistance training program incorporated exercises to improve wholebody muscular strength, since former studies demonstrated the superiority of this approach [13] .
As we aimed to provide a multimodal treatment, we included, considering the European Guidelines for the management of chronic nonspecific low back pain, educational interventions in our rehabilitation program [16] . Following the suggestions by Guzman et al. [27] , van Tulder et al. [28] and Hayden et al. [29] , who recommend high intervention intensities or volumes for long-term improvements of pain and functional ability, we conducted the multidisciplinary rehabilitation over 6 months, as opposed to the 8-16 weeks intervention periods in previous studies. Such a long training period may particularly benefit sedentary or older patients, who have been shown to require longer adaptation periods to get the optimal benefit from training interventions, both in terms of physical capabilities and health-related behavior patterns [26] .
In a systematic review by Van Middelkoop et al. [30] a moderate quality evidence for the effectiveness of multidisciplinary treatment on pain in the short-term compared to no treatment and waiting list controls was found. She described a moderate quality evidence for not finding an effect on disability and outcomes in the long-term. These so far missing positive effects on disability and pain even in the long-term can be presented in our study. We are well aware that the missing control group is a major limitation of the study. Therefore, we have to acknowledge that Values represent medians ± inter-quartile range. The p values of post hoc pairwise tests (Wilcoxon tests) were Bonferroni-adjusted for multiple comparisons (p \ 0.05 represents statistical significance). Effect sizes r were calculated by z conversion [r = z/sqrt(N)] using the output from these tests PR Baseline, PO after rehabilitation, FU follow-up evaluation after one-and-a-half years, ME median, IQR inter-quartile range, PFI physical functioning, ROLPH role functioning/physical, ROLEM role functioning/emotional, SOCIAL social functioning, MHI mental health, PAIN bodily pain, VITAL vitality, GHP general health perception Eur Spine J (2014) 23:779-785 783 without a control group the impact of the positive changes can not be purely attributed to our rehabilitative treatment. But in the clinical setting of the study within the Austrian social insurance system, the implementation of a reliable control group was ethically not possible. Besides methodological shortcomings, Carpenter and Nelson [31] criticized both the missing isolated testing and training of the lumbar muscles and the imprecise description of the RT as important limitations of previous studies. In our study, pelvic stabilization was a key requirement for the accurate testing and training of the lumbar extensor muscles and we had a specific prescription concerning the intensity and frequency of the RT [10, 26] .
Further studies with a controlled randomized design are desirable to confirm the promising above-mentioned longterm positive effects on pain, muscle strength, disability and quality of life in patients with chronic low back pain.
